Summary: The distribution of nerve fibers positive for Calcitonin gene-related peptide (CGRP) , which is a vasodilator peptide, neuropeptide Y (NPY) , which is a vasoconstrictor peptide, and tyrosine hydroxylase (TH), which is a key enzyme for the synthesis of the neurotransmitter of adrenergic nerves, was studied in the fetal side, middle part , and placental side of the human umbilical cord using immunohistochemistry. In the fetal side of the umbilical cord , CGRP-, NPY-, and TH-positive fibers were observed in the smooth muscle of the media of the umbilical artery and in the margins of the Wharton jelly. They were not observed around the umbilical vein or in the middle part or placental side of the umbilical cord. These results demonstrate the presence of the vasoactive peptides CGRP and NPY, as well as of the enzyme TH in the fetal side of the umbilical' vessel. The presence of CGRP and NPY suggests the involvement of these peptides in the regulation of the umbilical and placental circulation.
INTRODUCTION
The umbilical cord develops from the mesoderm in an early period of embryonic development, and is encapsulated by the amniotic membrane. Although the umbilical cord is considered to be involved in the maintenance of the fetoplacental circulation after the establishment of the placental circulation, little is known about its circulation-regulating functions.
Although the nerve distribution of the umbilical cord has been controversial, Matsubara and Tamada [1] demonstrated the presence of acetylcholinesterase-positive fibers in part of the umbilical vessels by electron microscopy in 1988. Kawano Calcitonin gene-related peptide (CGRP), which is a vasodilator peptide widely distributed in the cardiovascular system, neuropeptide Y (NPY), a vasoconstrictor peptide, and tyrosine hydroxylase (TH) were used for enzyme antibody and fluorescent antibody studies.
MATERIALS AND METHODS
The umbilical cords of term normal neonates were used. Each umbilical cord was divided into three portions: the fetal side, the middle and the placental side (Fig. 1) . Control experiments: To examine the specificity of each antibody, some sections were treated (1) without the primary antibody, (2) without the secondary antibody, (3) without ABC, and (4) the rat intestine was treated with the procedures described in 1), 2), and (1)- (3).
RESULTS
In the fetal side of the umbilical cord, NPYpositive fibers meandered with a bead-like appearance on the outer surface of the smooth muscle layer of the umbilical artery (Fig. 2a) . The fluorescence antibody study showed localization of NPY-positive fibers in the smooth muscle layer of the umbilical artery (Fig. 2b) . In the middle part or the placental side of the umbilicus, however, no NPY-positive fibers were detected in the umbilical artery or vein or the Wharton jelly. NPY-positive fibers were noted also o the margins of the Wharton jelly (Fig. 2c) .
In the fetal side of the umbilical cord, THpositive fibers were localized on the outer surface of the smooth muscle layer of the umbilical artery (Fig.  3a) . TH-positive fibers were also noted on the margins of the Wharton jelly. The fluorescent antibody study confirmed the localization of THpositive fibers on the outer surface of the smooth muscle layer of the umbilical artery in the fetal side of the umbilical cord (Fig. 3b) . However, no THpositive fibers were noted in the umbilical vein or Wharton jelly in the middle part or placental side of the umbilical cord.
In the fetal side of the umbilical cord, CGRPpositive fibers were distributed primarily on the outer surface of the smooth muscle layer of the umbilical artery (Fig. 4a) . CGRP-positive fibers were detected also on the margin of the Wharton jelly (Fig. 4b) . However, no CGRP-positive fibers were observed in the umbilical vein or Wharton jelly in the middle part or placental side of the umbilical cord. CGRPpositive fibers run in the Wharton jelly or from the umbilical artery to the outer surface of the smooth muscle layer (Fig. 4c) . Recently, the presence of nerves has been demonstrated in the human umbilical cord by various new techniques including a histochemical method using acetylcholinesterase (Ach), fluorescence microscopy , and electron microscopy. Among these reports , Matsubara and Tamada [1] demonstrated the presence of parasympathetic nerves by detecting Achpositive fibers by electron microscopy, and Kawano and Mori [2] observed catecholamine-containing fibers in the fetal end of the umbilical cord by immunofluorescent staining. These catec' olamnecontaining fibers were distributed in the Wharton jelly near and between arteries and formed perivascular plexuses around the arteries on both sides. Kawano and Mori [2] also noted the presence of nerve fibers in the connective tissue surrounding arterial smooth muscle by electron microscopy and confirmed that they were sympathetic fibers by demonstrating the presence in them of granulecontaining small vesicles, suggesting neural regulation of blood flow in the umbilical artery.
Recently, autonomic nerves containing the vasodilator peptide CGRP [9-11] and the vasoconstrictor peptide NPY [1 2-16] have been shown to be involved in vascular innervation. However, to our knowledge, there have been no reports demonstrating the presence of these vasoactive peptides in the human umbilical cord with the ABC method or fluorescence antibody method. In this study, we examined various parts of the human umbilical cord (fetal side, middle and placental side) immunohistochemically for CGRP-positive and NPYpositive nerve fibers. CGRP-positive and NPYpositive fibers were noted in the smooth muscle of the media of the umbilical artery and on the margins of the Wharton jelly in the fetal side of the umbilical cord. CGRP-positive fibers were distributed in a bead-like pattern and partly in a reticular pattern. According to some investigators [1 ,2] ', nerve fibers are present only in the umbilical artery and Wharton jelly but not around the umbilical vein or in the middle part or placental side of the umbilical cord. In the present study, also, CGRP-positive and NPY-positive fibers were not observed around the umbilical vein or in the middle part or placental side of the umbilical cord.
The tone of the resistance vessels, which plays an important role in the regulation and maintenance of the systemic arterial blood pressure, is considered to be maintained and regulated primarily by sympathetic nerves, which are vasoconstrictor nerves. Sympathetic nerves maintain and regulate the tone of the vessels via NPY contained in sympathetic nerve terminals as well as the neurotransmitter noradrenaline (NA) [13] .
In this study, nerve fibers that contained TH, which is an essential enzyme of the noradrenaline synthesis pathway, were also examined by the ABC method and fluorescence antibody method. The distribution of these fibers was similar to that reported by Kawano and Mori [2] .
Recently, blood vessels have been shown to be innervated by non-adrenergic, non-cholinergic vasodilators different from sympathetic or parasympathetic nerves. CGRP with a potent vasorelaxant action is involved in the regulation of the vascular tone as a neurotransmitter of vasodilator nerves [1 1] .
In this study, we demonstrated the presence of CGRP-NPY-, and TH-positive fibers around the umbilical artery in the human umbilical cord (on the fetal side). This finding suggests neural regulation of blood flow in the umbilical artery.
